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1. Coastal upwelling
systems

They cover about 7% of surface ocean, but account for 15-
30% of ocean PP (Bozec et al. 2005).

Highly energetic zone: everything goes fast, or changes occur
rapidly compared to oceanic regions. This may imply rapid
responses to perturbations

Biological processes all become greatly enhanced

They are regions of convergence: land, ocean, humans,
marine life

Key processes take place: upwelling, rising of OMZ systems,
Increased cycling of C, N, enhanced harvesting and fishing,
pollution

They have been historically the main target areas for research:
sampling, field observations and experimental work.



DANGER BELOW
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FACTS:

s»Coastal systems are heavily exploited by us
and no doubt they are suffering dramatic
changes since the human era.

ssDespite being the most investigated regions
of the ocean, we are still unable to sufficiently
understand the key biogeochemical processes
for suitable management and predict their
responses to natural or anthropogenic
perturbations.

s+Climate change may drastically modify coastal
systems by expanding suboxic/anoxic zones,
increase stratification, reduce nutrient input ,
reduce biological production and change
communities.

**Biological oceanography faces a huge
challenge as to be able of providing good
science and knowledge to advice policy makers
and public for taking actions for maintaining
environmentally healthy coastal systems



2. Role of zooplankton in coastal/upwelling systems

Zooplankton is the main prey for fishes...Key role regulating fish recruitment
and production of fish biomass. Many country economies are highly dependent
on fish production




2. iBut not only fish!

Feeding top predators
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2. Strong Impact on the C budget of coastal regions




3. What are we currently learning on zooplankton from
coastal/upwelling systems?

Cross-shelf transfer of C induced by upwelling
Northern California Current

That flux equated to offshore transport of =900 metric tons of carbon each day, and
4-5 3 10* tons over the 6-8 week lifetime of the circulation feature. Thus, mesoscale
circulation can create disparate regions in which zooplankton populations are retained
over the shelf and biomass can accumulate or, altematively, in which high biomass is
advected offshore to the oligotrophic deep sea.

Keister et al. 2009 DSR-I



3. Exporting not just C, but also diversity to oceanic regions
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3. Zooplankton react to climate change,

and structure
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Tahble 1: Availabls in sise biolesical dara set

THE IMPORTANCE OF TIME SERIES OBSERVATIONS
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3. What are the pathways for C flux in the pelagic food web of coastal highly
productive systems

hat we used to bellevel
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Size structure of zooplankton may have strong impact on biogeochemical
processes and also affect the prey field for predators

FEuphausia mucronataSars, 1883
The Humboldt Current Krill
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Zooplankton production in the upwelling zone off Chile
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3. The impact and role of OMZ systems on zooplankton in the coastal zone

CO3 + warming

Expanded OMZ

Metazoo plankton
dynamics

Zooplankton

Now Future

l Via active vertical transport

C,N

Fig. 7. Schematic illustrating compression of the night-time habitat range
(gray) for vertically migrating species from the present (left) to a future
ocean impacted by global warming, ocean acidification and expanding
oxygen minimum zones (OMZs). Warm surface waters (red) are stressful

to some species, and expansion of this zone will restrict the depth to which
organisms can retreat to burn off an oxygen debt accrued during night-time
forays into OMZs (blue).

Seibel 2011

*Most zooplankton inhabits the upper highly oxygenated layer

sHabitat compression upon OMZ ascent may imply more aggregation in the mixed layer and so
enhancement of C flux, because of increased trophic interactions (Manriquez et al. 2009 JPR)
*Expansion of the OMZ may constraint habitat of epipeplagic zooplankton, but also increase
biological interactions?



Other species may use the OMZ system (avoiding predation?)

THE LIFE CYCLE of Eucalanus inermis
Photic zone

Developing stages
o
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rd

o © Ontogenetic migration into the OMZ

Ego spawning

Late stages (C4, C5 and Adults) perform
VY

Highly efficienrt C pump

>>> passive C sinking This behavior may provide an efficient
LI et mechanism for downward flux of C (if
copepods are metabolically active in the
Downward C flux OM Z)
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Mortality




4. Pending or future issues

iHONEY WE SHRUNK
THE PLANKTONI!

Image credit:IFM-GEOMAR, via
PhysOrg.com

Zooplankton may also be
shifting towards small-
sized organisms?

i
| )

&

Or maybe individual body size
is responding to altered
tempberature reaimes?


http://www.physorg.com/news167550944.html
http://www.physorg.com/news167550944.html

4. Pending or future issues

Zooplankton and upwelling intensity

Food-limitation High mortality

— e —

Optimal window

Zooplancton net production

Top-down
Bottom-up effects Upwelling Intensity effects+advection




4. What is the impact of increased upwelling on diversity?

Euphausiids off Central/southern Chile

1) Weak but significant correlation with
upwelling variables

AR 4 2) Diversity higher towards offshore, then
ke negative correlation between diversity and
o 7701357 : N abundance

"l r=0368a
°[ p<0.0001.

3) > Abundance in the coastal zone
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THE COPEPOD COMMUNITY IN CENTRAL/SOUTHERN CHILE
UPWELLING DRIVEN VARIABLES MAY IMPACT DIVERSITY

Size-weighed biodiversity index correlates to
depth of the OMZ (Forced by upwelling)
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SUMMARY AND CONCLUSIONS

»Coastal upwelling seems to be the key process governing dynamics and

diversity of zooplankton in highly productive coastal systems
»Small-sized copepods are key components for zooplankton dynamics and
secondary production

»Global warming can greatly impact upwelling and productivity of coastal
zones and then zooplankton

»Changes in species abundances, phenology, species composition and
richness may occur.

»Time-series observations must keep going to assess changes and
predictions

»Basic research in marine biology (e.g. phenology, drivers of diversity) is
the right direction for understanding ecosystem changes and define

suitable indicators of ecosystem health upon ongoing global warming



FINALLY!

Climate change provides a great opportunity for doing
zooplankton research upon an ongoing experiment in the
coastal/upwelling zone

gracias!
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